Introduction
We and others have demonstrated that trialkylphosphines, including P(t-Bu) 3 and PCy 3 , are unusually effective ligands for a range of coupling processes. 1 This generalization includes the Suzuki reaction, which is perhaps the most widely used cross-coupling method for carbon-carbon bond formation. 2, 3, 4 We have observed that the efficiency of Pd/P(t-Bu) 3 -catalyzed Suzuki reactions can vary significantly, depending on the batch of arylboronic acid that is used. We hypothesized that this might be due to differences in the amounts of arylboronic acid vs. anhydride (or water) that are present. 5, 6 Indeed, we determined that, under the standard conditions that we had described earlier, 3c an arylboronic acid that had been dried under vacuum cross-couples in considerably lower yield than an arylboronic acid that had been freshly recrystallized from water [Eq. (1)]. 
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Adv Synth Catal. Author manuscript; available in PMC 2011 October 9. In view of these observations, we decided to pursue the development of a new procedure for Pd/P(t-Bu) 3 -catalyzed Suzuki reactions that would be less dependent on the origin of the arylboronic acid. In this Update, we describe a method that we believe addresses this issue [Eq. (2)].
(2)
Results and Discussion
In early experiments, we determined that the addition of a small amount of water to the "dried" arylboronic acid led to a more efficient Suzuki reaction (Table 1 , entries 2-5). 7, 8 This suggested that, rather than employing anhydrous KF, it would be preferable to use the commercially available dihydrate (KF•2H 2 O; entry 2 vs. entry 6). In addition to restoring the efficiency of the Pd/P(t-Bu) 3 -catalyzed Suzuki cross-coupling, this modification has the added advantage of a very substantial cost savings (price per mole: anhydrous KF ($450/ mol); KF•2H 2 O ($19/mol)). 9 The procedure using KF•2H 2 O appears to be robust, providing good yields of the biaryl with a variety of boronic-acid sources (entries 6-8), as well as in the presence of additional water (entry 9).
For small-scale reactions and/or for parallel synthesis, weighing small amounts of Pd 2 (dba) 3 and P(t-Bu) 3 or [HP(t-Bu) 3 ]BF 4 can be tedious and inaccurate. 10 To circumvent these issues, we recommend the use of a pre-made mixture of Pd 2 (dba) 3 /[HP(t-Bu) 3 ]BF 4 (Pd:P(tBu) 3 = 1:1.2) as a convenient one-component source of palladium and P(t-Bu) 3 (see the Supporting Information). 11 The Pd 2 (dba) 3 /[HP(t-Bu) 3 ]BF 4 /KF•2H 2 O procedure can be applied to Suzuki crosscouplings of a wide array of substrates. 12 Thus, a variety of aryl bromides are suitable reaction partners, including hindered (entries 1-3) and deactivated (entry 4) compounds. In addition, an aryl bromide can be cross-coupled selectively in the presence of an aryl chloride (entry 5). Furthermore, a range of nitrogen-containing heteroaryl bromides and heteroarylboronic acids are useful reaction partners (entries 6-10).
Not only aryl bromides, but also aryl iodides [Eq. (3)] and vinyl bromides [Eq. (4)], undergo
Suzuki coupling under this standard set of conditions. In addition, Pd 2 (dba) 3 /[HP(tBu) 3 ]BF 4 /KF•2H 2 O can achieve cross-couplings of a variety of activated aryl chlorides with an array of arylboronic acids (Table 3) . 13 Both nitrogen and sulfur heterocycles are tolerated (entries 4-7), as are a wide range of substituents. Alkenylboronic acids are also suitable coupling partners (entry 7).
Conclusions
In summary, we have developed a versatile, user-friendly method for Suzuki reactions that employs a commercially available one-component source of Pd/P(t-Bu) 3 , as well as an inexpensive activator. Thus, Pd 2 (dba) 3 /[HP(t-Bu) 3 ]BF 4 /KF•2H 2 O accomplishes crosscouplings of a diverse set of aryl/heteroaryl halides with a range of aryl/heteroarylboronic acids at room temperature in good yield. The reaction components are air-stable, and the method is not moisture-sensitive. We anticipate that this procedure may prove useful to others.
Experimental Section
General Procedure for Pd/P(t-Bu) 3 .30 mmol) were added to a 4-mL vial that contained a stir bar. The vial was purged with argon for 3 min, and then it was sealed with a septum cap. THF (2.0 mL) and the aryl halide (1.00 mmol) were added, and the reaction mixture was stirred at room temperature. Next, the mixture was diluted with Et 2 O (2 mL) and filtered through a plug of silica gel (washed with Et 2 O (10 mL)). The filtrate was concentrated, and the residue was purified by flash chromatography on silica gel.
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b The isolated biaryl product is a 4:1 mixture of the aldehyde and its hydrate.
